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Summary. Three children with angiographically con- 
firmed, sudden thrombosis involving the vertebro basilar 
arterial system are presented. Ten previously reported 
cases are reviewed with particular regard to possible 
etiologies. Vertebral artery trauma at the atlantoaxial 
level is suspected as one important cause. 
Occlusions artgrielles vertdbrobasilaires chez l'enfant 
Rgsumd. Les auteurs rapportent trois cas d 'enfants 
pr6sentant une trombose soudaine du syst~me art6riel 
vert6brobasilaire, confirm@e angiographiquement. Ils 
revoient dix cas ant6rieurs, en particulier du point de vue 
6thiologique. Le traumatisme de l 'art6re vert6brale au 
niveau de la eharnigre cervico-oeeipitale semble 6tre l 'une 
des causes prineipale. 
Vertebro-basil(tre Arterien-Verschliisse in der Kindheit 
Zusammenfassung. 3 Kinder mit  einer angiographisch 
naehgewiesenen pl6tzlich aufgetretenen Thrombose des 
vertebro-basil~ren Systems werden geschildert, gleichzei- 
rig wird ein Uberblick tiber weitere 10 vorher v.erSffentlich- 
te F~lle gegehen. Diskussion der m6glichen Atiologie. Es 
wird darauf verwiesen, dal3 ein Trauma der A. vertebralis 
in I-I6he des atlanto-axialen Gelenkes eine wichtige Ur- 
saehe sein karm. 
Vertebrobasi lar  ar ter ia l  occlusions in  adul ts  are 
usual ly  due to atherosclerosis and  are well known  bo th  
pathological ly and  angiographical ly  [1, 2, 9, 12, 16]. 
Vertebrobasilar  occlusions in  children are uncommon,  
and  reports  wi th  angiographie i l lus t ra t ions  of such 
cases are rare [3, 4, 6, 9, 10, 12, 13, 15]. The m a i n  
purpose of this  paper  is to repor t  three children with 
angiographic demons t r a t ion  of ver tebrobasi lar  oc- 
clusions. The pe r t inen t  l i te ra ture  will be reviewed, and  
possible etiologies will be discussed. 
Report of Cases 
Case 1. T.R.  was a 7 year old boy who suddenly felt 
dizziness, headache, and stiffness of the neck while in 
school. There was no definite history of trauma. On ad- 
mission to University of Michigan Medical Center 
(UMMC) the same day, he was lethargic and irritable, 
complained of double vision, and had slurred speech. 
Neurological examination revealed a right, hemiparesis, 
generalized hyperactive reflexes, a Babinski sign on the 
right, right central facial palsy, and right sided extinction 
on sensory examination. The oropharynx was eiythem- 
atous. The physical examination was otherwise normal. 
There was no evidence of heart disease. I te had had a 
slight nonproductive cough without fever for about two 
weeks prior to hospitalization. 
Skull roentgenograms were normal. Lumbar puncture 
showed an opening pressure of 130 mm CSF with fluid 
analysis as follows: protein 18 mgm%, sugar 82 mgm%, 
8 RBCs/mm3, no WBCs, and no bacterial growth. 
* This s tudy was supported in part  by a Special 
Fellowship in Neuroradiology (R.E.L.), 5F11NS02476-02, 
from the National Ins t i tu te  of Neurological Diseases and 
Stroke. 
Left common carotid angiography performed one day 
after hospital admission showed basilar and left posterior 
cerebral artery occlusions (Fig. l a and b). The basilar 
artery occlusion was confirmed by selective right verte- 
bral angiography (Fig. l c--e) which also suggested the 
presence of an abnormali ty in the high cervical portion 
of the right vertebral artery (Fig. 1 c and d). 
Subsequent blood studies demonstrated a prothrombin 
time of 63~o and slightly prolonged partial thromboplas- 
t in  and thrombin times. While laboratory studies for 
possible underlying collagen disease were not performed, 
there was never any clinical evidence of such a possibility. 
During the first forty-eight hours following hospital 
admission the patient  became progressively decerebrate, 
with multiple cranial nerve deficits. His level of con- 
sciousness gradually improved again and he was dis- 
charged from the hospital 10 weeks later with a flaccid 
quadriplegia. Followup examination 4 ½ years later de- 
monstrated a spastic quadriplegia. I-Ie could not  speak but  
was mentally alert and communicated by blinking his 
eyes. 
Case 2. T.K.  was an eleven year old boy who was in 
good health unti l  he struck the right temporal region of 
his head while playing football. He was unconscious for 
one or two minutes but  apparently recovered and con- 
t inued to play. The next day he was lethargic, diaphoretic, 
and had a fever./-Ie was thought to have the "flu". How- 
ever, he had a convulsive seizure on the following day and 
was semieomatose thereafter. This prompted admission 
to a local hospital. Examinat ion showed left hemiparesis 
and left central facial palsy. Lumbar puncture was done 
on the same day, with fluid analysis as follows: protein 
27 mgm~o, sugar 65 mgm~o, 7 RBCs/mm 3, no WBCs, 
nonreactive VDRL, and no bacterial growth. A chest X- 
ray four days later revealed bilateral bronchopneumonia. 
The patient  was treated with antibiotics, steroids, pheno- 
barbital,  and dilantin, l i e  remained semieomatose for 
approximately two weeks bu t  gradually became more 
alert. After another week of in termit tent  difficulty with 
speech and residual left hemiparesis, a right carotid 
arteriogram was done, which was considered normal. He 
was discharged a few days afterwards bu t  was referred to 
UMMC three weeks later for further evaluation. 
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The mother described occasional "shaking" movements Skull roentgenograms, electrocardiography, electro- 
involving the left side of the body but  no generalized con- encephalography, brain scan, urine test for homoeystin- 
vulsive seizures. Examinat ion showed left central VII  and uria, serum protein electrophoresis, serum lipid studies, 
X I I  cranial nerve palsies, left hemiparesis, hyperactive and partial  thromboplastin time were normal. Prothrom- 
reflexes in both legs, and a left Babinski sign. He exhib- bin t ime was 41%. Electron microscopic evaluation of 
ited inappropriate behavior, with occasional bursts of blood p la te le t sshowedanincreasednumberof"ac t iva ted"  
uncontrollable laughter, types and a large number of platelet aggregates. 
Fig. 1. a) Left common carotid angiogram. The distal basilar artery (arrow) is filled from the left posterior com- 
municat ing artery. The proximal left posterior cerebral artery is occluded (arrowhead). b) Later phase. Contrast 
material persists in the basilar tip (arrow). There is collateral filling of left posterior cerebral artery branches. (c and 
d) Selective right vertebral angiogram, frontal and lateral views. The basilar artery is occluded near its origin (arrow). 
There is focal narrowing of the right vertebral artery at the C 2 level (large arrowhead). Occlusion of the left vertebral 
artery at the C2 level (crossed arrow) was suggested by the pat tern of reflux from right to left vertebral arteries on 
scrim films and muscular collateral right-to-left flow (small arrowheads), e) Later phase. Contrast graduMly reaches 
the mid-portion of the basilar artery and outlines several intraluminal  filling defects (arrows). There is collateral flow 
to the superior eerebellar artery from branches of the left posterior inferior cerebellar artery 
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Transfemoral bi lateral  internal  carotid and r ight  
ver tebral  angiographies were performed about  seven 
weeks following the onset of the pa t ien t ' s  illness. Oc- 
clusions were found in the basilar ar tery  (Fig. 2a and b) 
and left ver tebral  ar tery  (Fig. 2 b and e). There was marked 
narrowing of the proximal  port ion of the left  posterior 
cerebral a r te ry  (Fig. 2d), with more peripheral  branch 
r ight  arm. Examinat ion  demonstra ted dysarthr ic  speech, 
spastic gait,  generalized hyperreflexia, increased muscle 
tone in the  legs, a Babinski  sign on the r ight  and possibly 
on the left, and mild left dysdiadoehokinesis.  
Transfemoral,  bi lateral  internal carotid and bi lateral  
ver tebral  angiographies showed occlusions of the basilar 
and left  ver tebral  arteries (Fig. 3a - -d ) .  
Comment:  There can be l i t t le  doubt  tha t  the arterial  
occlusions in this pat ient  occurred at  the age of 12 years, 
almost 15 years prior  to the angiography.  
occlusions distal  to the junction with the posterior com- 
municat ing ar te ry  and collateral  flow into terminal  
branches (not i l lustrated).  Irregulari t ies in r ight  posterior 
cerebral a r te ry  branches (Fig. 2e) and evidence of col- 
la teral  flow into terminal  branches (not i l lustrated) were 
also noted. 
Two years later  the child was at tending regular school 
but  performing at  the bo t tom of his class. He still  showed 
mild left hemiparesis and spasticity,  hyperact ive reflexes 
in both lower extremities,  mild left central  facial palsy 
and occasional episodes of inappropr ia te  laughter.  
Case 3. K .H .  was a twelve year  old boy who was in 
good heal th  unti l  he fell from a slowly moving ear. He 
sustained a head injury which was thought  to be tr ivial .  
During the subsequent week he developed increasing 
headache, nausea ,  vomiting, and le thargy which pro- 
gressed to coma. On admission to UMMC (in 1958) he had 
left hemiparesis,  bi lateral  Babinski  signs, deeerebrate 
posturing, and probable papil ledema. Emergency place- 
ment  of multiple,  bi lateral  burr  holes in the skull disclosed 
no evidence of intracranial  hematoma.  Limited ventri-  
eulography showed no local mass or hydrocephalus.  The 
CSF was xanthochromic.  
The pa t ien t  gradual ly  regained consciousness and be- 
came alert  but  was emotionally labile. The diagnostic 
considerations were encephalitis or a vascular in jury  
affecting the brain stem. On discharge from the hospital  
one month postopera t ively  the pat ient  had intact  
cranial nerves, good motor  strengh in all extremities,  
bi la teral  hyperreflexia (more marked on the right), bi- 
la teral  ankle clonus and a r ight  Babinski  sign. Sensory 
examinat ion and finger-to-nose test ing were normal.  
Almost  fifteen years later,  a t  the age of 26 years, the 
pat ient  was readmi t ted  to UMMC complaining of low 
back pain, which was considered due to spondylolysis of 
L 5. I-Ie also complained of occasional parasthesias  in the 
Discussion 
A review of the  l i t e r a tu re  disclosed on ly  t en  pre- 
v ious  cases of ang iog raph ica l ly  confirmed, sudden  
th rombos i s  involv ing  the  ve r t eb robas i l a r  a r t e r i a l  sys- 
t em in chi ldren  under  the  age of 18 years  [3, 4, 6, 9, 10, 
12, 13, 15]. One of these  was a 10 yea r  old  chi ld  re- 
fer red  to  b y  Moscow and  N e w t o n  [9], bu t  t he  ang iogram 
was no t  shown. I n  two of the  r ema in ing  nine cases, 
essen t ia l ly  no cl inical  i n fo rma t ion  was given, a l though  
a l a t e ra l  view of the  ve r t eb ra l  ang iogram was demons-  
t r a t e d  in each case [6, 12]. Because al l  t en  pa t i en t s  ap- 
p a r e n t l y  surv ived  the  t h r o m b o t i c  episode, the  e t io logy  
in mos t  cases could no t  be es tabl ished.  One of the  th ree  
cases r e p o r t e d  b y  Ouvrier  and  Hopk ins  [10] was c lear ly  
an ~ example  of bas i l a r  a r t e r y  embol i sm secondary  to 
bac te r i a l  endocard i t i s .  
Fowle r  [5] p resen ted  a u t o p s y  f indings in two child- 
ren who d ied  five days  and  t en  weeks r e spec t ive ly  
fol lowing the  sudden  onset  of coma. The first child,  
wi th  sep t icemia  due to  burns,  had  d i s t a l  bas i la r  a r t e r y  
th rombos i s ,  which in al l  l ike l ihood  was secondary  to  a 
d e m o n s t r a t e d  i n f l a m m a t o r y  process in  the  wall  of the  
bas i la r  a r t e ry .  I n  the  second child,  p rev ious ly  hea l thy ,  
the  cause of t h rombos i s  a t  the  junc t ion  of the  bas i l a r  
and  left  pos te r io r  cerebra l  a r te r ies  could  no t  be deter-  
mined.  
Dissect ing  aneu rysm of the  bas i la r  a r t e r y  [1, 2] and  
oral  con t racep t ives  [11] have  been sugges ted  as causes 
of ve r t eb robas i l a r  a r t e r y  t h rombos i s  in young  adul t s .  
The e t io logy  of the  ve r t eb robas i l a r  occlusive dis- 
ease in our  th ree  cases remains  unproven .  The role of 
the  s l igh t ly  p ro longed  p a r t i a l  t h r o m b o p l a s t i n  and  
t h r o m b i n  t imes  in Case 1 and  of the  p l a t e l e t  abnormal -  
i t y  in  Case 2 is uncer ta in .  DeVivo [3] considered a 
hypercoagu lab le  s t a t e  as a possible  cause of bas i la r  
a r t e r y  th rombos i s  in a 10 year  old  child. Caro t id  ar ter i -  
t i s  secondary  to  a nonspeeific upper  r e s p i r a t o r y  in- 
fec t ion has  been suspec ted  as one cause of acu te  
hemipleg ia  in ch i ldhood  [6]. A l though  there  was a 
h i s t o r y  of mi ld  cough preceding the  onset  of th rombos i s  
in Case 1, and  " f l u "  was i n i t i a l l y  suspec ted  in Case 2, 
the  role of infec t ion  in  these  cases remains  unclear.  
There  ce r t a in ly  was no ang iograph ie  evidence of vas-  
cular  a b n o r m a l i t y  involv ing  the  ca ro t id  a r t e r i a l  sys- 
t e m  in a n y  of our  th ree  eases. 
H e a d  t r a u m a  pr io r  to  t he  onset  of neurological  
s y m p t o m s  was d o c u m e n t e d  in  Cases 2 and  3. I t  is well  
known  t h a t  t r a u m a  to  t he  head  f r equen t ly  is associa ted  
10" 
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Fig. 2. a and b) Selective 'r ight  vertebral angiogram, lateral and frontal views. There is occlusion of the basilar 
artery with an intravaseular filling defect (arrow) just  beyond the origins of the anterior inferior cerebellar arteries 
(arrowheads). Note reflux into the distal left vertebral artery with abrupt  terminat ion at the C2 level (crossed arrow). 
c) Venous phase. Lack of clearing of contrast from the distal left vertebral artery (arrows) confirms the presence of 
a more proximal occlusion, d) Right internal carotid angiogram, frontal view. There is irregular narrowing of the pro- 
ximal left posterior cerebral artery (arrow). The left posterior communicating artery, seen in left carotid angiogram, 
was small (not illustrated). The distal basilar and both superior cerebellar arteries (crossed arrows)fill from the right 
posterior communicating artery, e) Lateral view. Both superior cerebellar arteries (crossed arrows) and the right poste - 
r!or cerebral artery (arrow)are opacified, with narrowed branches of the latter vessel (arrowheads). The left poste- 
mot cerebral artery showed similar involvement. There was collateral filling of peripheral branches of both pos- 
terior cerebral arteries (not illustrated) 
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with ligamentous and/or bony injuries of the cervical 
spine. As the vertebral ar tery passes between the 
foramina transversaria of the atlas and axis, it is sub- 
jected to considerable motion when the head is rotated 
toward the opposite side [14]. In our three eases angio- 
graphy showed an abnormality of at least one verte- 
bral ar tery at the atlantoaxial level in addition to 
basilar ar tery occlusion (Figs. 1 c and d, 2b and e, and 
3b and d). 
I t  seems quite possible tha t  the vertebral  ar tery 
could suffer intimal damage or intramural hemorrhage 
during sudden, marked rotat ion of the atlas on the 
axis. This concept is supported by the fact tha t  basilar 
ar tery occlusion with associated vertebral ar tery ab- 
normalities has been reported secondary to chiroprac- 
tic manipulation of the cervical spine in young adults 
[7, 8]. Such cases, including two patients seen by  us, 
show angiographic features which are strikingly similar 
to those reported in the present paper. Occlusion of the 
basilar ar tery and its branches could be readily ex- 
plained on the basis of embolization from an intimal 
injury of a vertebral artery. 
In an attempt to assess the status of the vertebral 
arteries in the previous ten cases of angiographically 
confirmed basilar artery thrombosis in children, two 
cases were excluded because the cervical portions of 
the vertebral arteries were not demonstrated [9, 12]. 
Of four patients who had normal vertebral arteries [4, 
i0, 13, 15], one had presumed embolization due to a 
known bacterial endocarditis [i0]. The four remaining 
cases showed definite abnormalities of one or both 
vertebral arteries at the altantoaxial level [3, 6, i0]. 
One of the latter cases had a history of antecedent 
head injury [10]. 
Other etiologies which should be considered in 
eases of sudden or spontaneous basilar ar tery throm- 
bosis in children and young adults include underlying 
cardiac disease (particularly bacterial endoearditis), 
arteritis, meningitis, blood abnormalities with dott ing 
disorders, collagen diseases and connective tissue d;s- 
eases. A combination of causes may be responsible in 
certain eases, and some of these etiologies may be 
contributing factors in the presence of trauma. 
Basilar ar tery thrombosis may often be suspected 
or even diagnosed conclusively by carotid angio- 
graphy. However, vertebral angiography will usually 
provide a more reliable diagnosis. A combination of 
carotid and vertebral angiography will provide the 
most complete assessment, not only of the occlusive 
disease but  also of the available collateral flow. The 
angiographic criteria of basilar ar tery thrombosis have 
been described by previous authors [1, 9, 12, 16]. 
Although vertebrobasilar ar tery thrombosis is rare 
in childhood, increasing familiarity with the clinical 
syndrome and greater availability of high quality and 
safe, complete cerebral angiography will probably lead 
to its more frequent and earlier recognition. The pre- 
sent s tudy suggests tha t  such patients should be in- 
vestigated by complete angiography of the vertebro- 
basilar system, including the cervical portions of the 
vertebral arteries. Accurate demonstration and locali- 
zation of all the vascular abnormalities hopefully will 
help to clarify the presumed multiple etiologies, in- 
eluding the suspected importance of trauma. 
Addendum 
Since submitting this paper for publication, we 
have studied a 6 year old boy with sudden, apparently 
spontaneous basilar ar tery thrombosis. Complete cere- 
bral angiography revealed focal narrowing of the left 
vertebral ar tery at the C2 level with adjacent dilata- 
tion strongly suggestive of pseudoaneurysm, and with 
occlusion of the basilar ar tery just proximal to the 
origins of the superior eerebellar arteries. Both poste- 
rior cerebral arteries and the left superior cerebellar 
ar tery filled from the left posterior communicating 
artery. The right superior eerebellar ar tery was oc- 
cluded at its origin. There was no history of antecedent 
t rauma and cerebrospinal fluid and blood studies were 
normal. The patient had recovered from measles one 
week before his occlusive episode. 
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